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ABSTRACT 
 
Changes of Aerobic Fitness and Cardiovascular Disease Risk Factors in Children over Two 
Years 
(Under the direction of Robert McMurray, Ph.D.) 
 
     This study examined the relationship between two-year changes of aerobic fitness and 
cardiovascular disease (CVD) risk factors in children. Baseline and follow-up data were 
obtained from 120 children, the CHIC III Study (J.S. Harrell, PI). Aerobic fitness was 
estimated using a multi-stage submaximal test on the cycle ergometer. Six CVD risk factors 
were measured, and combined by using standardized z-score, CVD composite score. As a 
result, there was a trend of increasing CVD composite scores over two years (p<0.001). 
Despite the general trend, changes in CVD composite score were inversely related with 
changes in aerobic fitness (r=-0.24; p=0.008). BMI was the greatest contributor to the CVD 
composite change score (partial R2=0.38; p<0.001). In conclusion, since aerobic fitness is 
significantly related with CVD composite score, and since moderate-to-vigorous physical 
activity can increase fitness while reducing fat mass, children should be encouraged to 
participate in moderate-to-vigorous physical activities. 
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CHAPTER I 
INTRODUCTION 
     Studies have reported several factors that increase the risk of heart disease. According to 
the American Heart Association’s Position Stand (Hunt et al., 2005), major cardiovascular 
disease (CVD) risk factors include unchangeable variables (age, sex and race), while there 
are other factors that can be modified by changing lifestyle, such as tobacco smoking, 
cholesterol, blood pressure, obesity, diabetes mellitus and physical activity (PA). Specifically, 
regular moderate-to-vigorous PA decreases CVD risk factors by lowering body fat, total 
cholesterol and blood pressure (Hewitt et al., 2008; Kasa-Vubu et al., 2005; Seibaek et al., 
2003).  
     Childhood is a critical period for cardiovascular disease prevention because the 
pathophysiology starts in early stage of life. In support, Mattson et al. (2008) have shown that 
the presence of CVD risk factors during childhood is a predictor for type 2 diabetes mellitus 
and coronary heart disease during adulthood. In this regard, research on CVD risk factors in 
children may be a more meaningful approach than studies of adults.  
     One of the components of exercise is physical activity (PA). PA is defined as physical 
movement created by skeletal muscle contractions which result in energy expenditure 
(Ortega et al., 2007). Previous studies have shown a relationship between PA and CVD risk 
factors in adults (Thompson et al., 2003). In addition, habitual moderate-to-vigorous PA, 
aerobic exercise training, can increase aerobic fitness. Aerobic fitness is an individual 
attribute (Ortega, et al., 2007) and is typically quantified as maximal oxygen uptake 
(VO2max) in units of mL O2 per kilogram body mass per minute (mL/kg/min). For this  
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reason, aerobic fitness (an attribute) is measured more objectively and with greater reliability 
than physical activity (a behavior). Aerobic fitness is also related with CVD risk factors. In 
support, cross-sectional studies have shown that children with high aerobic fitness were 
associated with lower CVD risk factors (Eisenmann et al., 2007), and intervention studies 
have reported that improved fitness lowered CVD risk factors (Harrell et al., 1996). Most of 
the previous studies have focused on improved aerobic fitness. However, as children age 
their aerobic fitness tends to decrease (McMurray et al., 2003), and relatively fewer studies 
have focused on reduced aerobic fitness and CVD risk factors.  
     CVD risk factors naturally increase with aging (Berenson et al., 1995). In support, Daniels 
(2001) has shown a gradual increase in CVD risk factors of youth age from six to thirteen 
years. Since improved fitness reduces CVD risk factors, this natural progression of CVD risk 
factors may differ by fitness level. However, no studies have shown the effect of fitness level 
on the natural progression during childhood over two years. Therefore, the current study 
compared the natural progression of CVD risk factors between changed aerobic fitness 
(increased and decreased) and maintained-aerobic fitness.  
     When examining the effects of aerobic fitness on CVD risk factors, most previous studies 
(Eisenmann et al., 2005 a; J. Eisenmann et al., 2005 b; Ortega, et al., 2007) used maximal 
oxygen uptake (VO2max) in units of mL O2 per kilogram body mass per minute 
(mL/kg/min). However, the units of mL/kg/min can be of concern because total body mass 
includes fat mass as well as fat free mass (FFM). This inclusion of fat mass in the unit of 
VO2max can confound the relationship between aerobic fitness and CVD risk factors 
(Freedman et al., 2007; Gregg et al., 2005; Thompson et al., 2007). This confusion occurs 
because fat mass increases oxygen uptake at a given workload, but does not contribute to 
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energy production. In support, Goran et al. (2000) reported that when aerobic fitness was 
expressed in units of mL/kg/min, aerobic fitness increased simply by losing weight. 
Therefore, when comparing physiological ability of muscle tissue to maximally consume 
oxygen, VO2max should be presented relative to fat free mass (FFM), VO2max in units of 
mL/kgFFM/min.  
Summary 
     Since cardiovascular complications occur in early stage of life, childhood is a critical 
period for cardiovascular disease prevention. CVD risk factors decrease with enhanced 
aerobic fitness, and thus previous intervention studies have shown training effects on CVD 
risk factors. However, CVD risk factors naturally increase with aging, and this natural 
progression of CVD risk factors may differ by fitness level. Therefore, the primary purpose 
of the current study was to examine the relationship between two-year changes of aerobic 
fitness and changes in CVD risk factors in children.  
Operational Definitions 
1. Cardiovascular Disease Risk Factors were defined as the causes which may contribute to 
the incidence of coronary artery disease, stroke and type 2 diabetes mellitus, and CVD risk 
factors include 6 factors: BMI, mean arterial pressure (MAP), insulin resistance (HOMA), 
total cholesterol (TC), HDL, and triglycerides (TG). 
2. CVD risk composite score was obtained by the sum of z-scores from individual CVD risk 
factors: BMI + MAP + HOMA + TC - HDL + TG. This method was previously used and 
described by Andersen et al. (2003). 
3. CVD risk change score was obtained by subtracting baseline CVD composite score from 
follow-up CVD composite score. 
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4. Fat free mass (FFM) was defined as nonfat components of human body. Skeletal muscle, 
bone and water are all examples of FFM. 
5. Aerobic fitness was defined as maximum possible uptake of oxygen during exercise 
(Ortega et al., 2007). 
6. Aerobic fitness Relative to Body Mass was defined as maximal oxygen uptake (VO2max) 
in units of mL O2 per kilogram body mass per minute (mL/kg/min). 
7. Aerobic fitness Relative to Fat Free Mass (mL/kgFFM/min) was defined as maximal oxygen 
uptake (VO2max) in units of mL O2 per kilogram fat free mass per minute (mL/kgFFM/min). 
8. Decreased Aerobic fitness group was defined as 3 mL/kgFFM/min decrease in aerobic 
fitness over 2 years. 
9. Increased Aerobic fitness group was defined as 3 mL/kgFFM/min increase in aerobic fitness 
over 2 years. 
10. Maintained Aerobic fitness group was defined as change in aerobic fitness over 2 years 
that is less than 3 mL/kgFFM/min. 
Hypotheses 
Hypothesis 1: There will be an inverse relationship between change in VO2max 
(mL/kgFFM/min) and changes in CVD composite score.  
Hypothesis 2: The increased-fitness group will have a lower CVD risk composite change 
score than the maintained- and decreased-fitness groups. 
Hypothesis 3: The decreased-fitness group will have a higher CVD risk composite change 
score than the maintained-fitness group.  
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Limitations 
1. Diet is a complex and important factor that affect CVD risk factors, but was not controlled 
in this study. 
2. The current study involved relatively small sample sizes in each group (3 groups) because 
total selected subjects were 120 youth.  
3. Stress and smoking could affect CVD risk factors, but these factors were not measured.  
Delimitations 
1. Applications of the study are limited to 9-11 years old children.  
2. Study participants were recruited only from North Carolina. 
Significance 
     While adult studies are available on the relationship between aerobic fitness and CVD risk 
factors, relatively fewer studies focused on children. During childhood, however, natural 
progression of CVD risk factors occurs. In this regard, children studies are more important to 
prevent the development of cardiovascular disease. By removing fat mass in the unit of 
aerobic fitness (mL/kgFFM/min), this study will examine the independent relationship of 
aerobic fitness on CVD risk factors. Enhanced understanding on childhood fitness and CVD 
risk factors can be critical to control cardiovascular disease in their later life. 
 
  
 
 
 
 
 
 
CHAPTER II  
 
REVIEW OF LITERATURE 
Introduction  
     Cardiovascular disease (CVD) refers to the class of diseases related with heart and blood 
vessels, which is the leading cause of death in the United States. In 2006, cardiovascular 
diseases were responsible for 34.4% of all deaths with an estimated cost of 400 billion dollars 
(Lloyd-Jones et al., 2010). Epidemiological studies have shown that there are several CVD 
risk factors. These factors include unchangeable factors (age, sex and race) and modifiable 
factors (smoking, cholesterol, blood pressure, obesity, diabetes mellitus and physical activity). 
Initially physical activity was not considered as an important factor, but studies now have 
shown that physical activity (PA) may be the most influential factor because it decreases 
most other modifiable factors.  
     Previous studies have shown an inverse relationship between individual CVD risk factors 
and aerobic fitness (Blair et al., 1996; Farrell et al., 1998; Kannel et al., 1975; Lee et al., 1999; 
Slattery et al., 1988). These studies have focused on adults with fewer studies on children. 
However, pathophysiology of cardiovascular disease starts in early stages of life and persists 
over time (Dunn et al., 1997). Therefore, prevention of cardiovascular diseases should start 
during childhood. In this regard, studies on children may be a more meaningful approach 
than studies of adults with respect to preventing CVD risk factors.  
     This chapter will be divided into three parts. The first part will review individual CVD 
risk factors: obesity as measured by BMI, mean arterial pressure (MAP), homeostasis model 
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analysis (HOMA), total cholesterol (TC), high-density lipoproteins cholesterol (HDL) and 
triglycerides (TG). Specifically, the first part will 1) examine the relationship between 
individual CVD risk factors and cardiovascular disease incidence, 2) review natural 
progression of CVD risk factors and the importance of children study, and 3) examine the 
relationship between aerobic fitness and CVD risk factors in adults and children. The second 
part will discuss interactions of CVD risk factors to emphasize the utilization of CVD 
composite score. Aerobic fitness has been mainly expressed in units of mL O2 intake per kg 
body mass per min. However, the unit of kg body mass can confound the relationship 
between aerobic fitness and CVD risk factors because fat mass increases oxygen uptake 
without contribution to energy production of skeletal muscles. The third part will emphasize 
why fat mass should be removed in the unit of aerobic fitness.  
CVD Risk Factors  
Obesity 
BMI is a value that is calculated by using a person’s height and weight (BMI=kg/m2). It 
is a surrogate measure for body fat and it is more widely used than percent body fat because 
height and weight values are more readily obtainable than percent body fat. Fat (or adipose 
tissue) is loose connective tissue composed of adipocytes. Adipose tissue is an active 
endocrine organ, and it releases adipokines, such as TNF-α and IL-6 (Kershaw and Flier 
2004). The increased adipokines cause inflammation on the surface of blood vessel, which 
over time results in atherosclerosis and cardiovascular disease.  
Obesity is shown to be related with cardiovascular disease. Hubert et al. (1983) tracked 
the cardiovascular disease incidence of 2,252 men and 2,818 women (ages 28-62 years) of 
the Framingham cohort over 26 years . Since 8 years of follow-up, BMI became positively 
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associated (r=0.23) with cardiovascular disease incidence. Furthermore, Drenick et al. (1980) 
have examined a group of 200 morbidly obese men (average weight, 143.5 kg; age, 23 to 70 
years) for a mean period of 7.5 years. In comparison with general population, the participants 
demonstrated 12-fold excess mortality in the 25-34 years age group and 6-fold excess 
mortality in the age group of 35-44 years age group, the major cause of death being 
cardiovascular disease.  
Fatness tends to increase as children age and childhood obesity can persist over time from 
childhood to young adulthood. In a prospective study, Strak et al. (1981) have recorded BMI 
of 5,362 children at 6, 14 and 26 years. The prevalence of overweight increased from 1.7, 6.5 
and 12.3% in male; and 2.9, 9.6 and 11.2% in female, respectively. Also, Freedman et al. 
(2001) examined 2,617 youth over a 17-year period. They have found significant correlations 
between childhood BMI levels and adulthood obesity (r=0.27). These findings suggest that 
obesity control during childhood is critical to delay or prevent adulthood obesity.  
     Aerobic fitness has been shown to help control obesity and cardiovascular disease. In an 
adult study, Slattery et al. (1988) have examined the relationship between physical fitness 
and fatness and cardiovascular disease mortality of the US railroad workers. A cohort of 
3,043 white, middle-aged men were first examined in 1957-1960 and re-examined 20 years 
later. Results from this study suggest that men with lower physical fitness are at a greater risk 
of being obese and dying of coronary heart disease in an average follow-up of 20 years. In a 
children study, Eisenmann et al. (2005 b) have examined the relationship between adolescent 
fitness and adulthood CVD composite score. They examined 48 boys at their baseline (15.8 
years) and follow-up (26.6 years), and found moderate relationship with adulthood BMI (r=-
0.47) and CVD risk factors (r=-0.26). 
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Blood pressure  
Blood pressure (BP) is the pressure exerted by circulating blood on the walls of blood 
vessels. BP is created by the pumping of the heart. It decreases as the circulating blood 
moves away from the heart through arteries. Thus, during each heartbeat BP varies between 
maximum (systolic) and a minimum (diastolic) blood pressure (SBP and DBP, respectively). 
According to the American Heart Association (Hunt et al., 2005), resting value of 140/90 
mmHg or higher is considered as hypertension in adults; however, the criteria for children 
depend on age, sex and height and are yet to be defined. 
     High blood pressure causes greater shear force against artery walls. Over time, this 
pressure can damage the arteries which result in an inflammation process. The inflammation 
process can build up plaque (fatty material) which narrows the diameter of the vessel; hence 
atherosclerosis. Atherosclerosis can restrict blood flow to the heart which cause overload to 
the heart muscles. If untreated, this can develop cardiovascular diseases. In support, Franco 
et al. (2005) have examined hypertension and cardiovascular disease of 3,128 participants 
(aged 50) from the Framingham Heart Study. They found that normotensive participants 
survived 5.6 years longer than the hypertensive on average. Also, normotensive participants 
lived 7.2 years longer without cardiovascular disease compared with hypertensive subjects. 
These findings indicate the importance of blood pressure on life expectancy and 
cardiovascular disease incidence in adults.  
     Blood pressure (BP) tends to increase as children age, and the elevated BP persists over 
time (Tumer et al., 1999). In support, Hofman et al. (1985) have examined BP of 596 Dutch 
children (aged 5-19 years) for five consecutive years. They found significant correlations 
between age and systolic (r=0.4-0.6) and diastolic BP (r=0.2-0.5). Bao et al. (1995) have 
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tracked the elevated BP from childhood to adulthood. The 1,505 participants (659 male and 
846 female) were 5 to 14 years old at baseline and 20 to 31 years old at follow-up (mean 
follow-up of 15 years). Persistence of BP was shown by correlations between childhood and 
adulthood levels (r=0.46 for systolic BP; r=0.38 for diastolic BP).  
     Aerobic fitness has been shown to be related with blood pressure. Blair et al. (1995) have 
evaluated the relationship between changes in physical fitness and blood pressure in adults. 
In this prospective study, two clinical examinations were conducted on 9,777 men (4.9 years 
of mean interval) to assess change or maintenance in physical fitness and blood pressure. 
Blood pressure was the highest in the men who were unfit at both examinations, and lowest 
in men who stayed fit at both examinations.  
     Although previous studies have shown the relationship between changes in physical 
fitness on blood pressure, these studies have focused only on adults (Blair et al., 1995; Blair 
et al., 1989), and there are relatively few studies on children. However, childhood studies are 
more important than adult studies because low aerobic fitness during childhood tends to be 
related with high blood pressure during adulthood. In an intervention study, McMurray et al. 
(2002) examined 1,140 children (aged 11 to 14 years; 630 girls and 510 boys), and found 
significant reductions in systolic (p=0.001) and diastolic blood pressure (p=0.001) after 8 
weeks of 30-minute aerobic training (three times per week). 
Insulin resistance  
     Insulin is a hormone which regulates carbohydrate and fat metabolism. It causes muscle, 
fat and liver tissues to take up glucose from blood. Insulin resistance decreases the amount of 
glucose taken up by a given insulin concentration. This pathological state is known as insulin 
resistance. One way of evaluating insulin resistance is homeostasis model assessment of 
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insulin resistance (HOMA). In children, HOMA has been shown to be strongly related 
(r=0.81) to the hyperglycemic euglycemic clamp (Guzzaloni et al., 2002). HOMA value 3.16 
has been suggested as cut-off value for insulin resistance for children (Keskin et al., 2005).  
     Insulin resistance affects other CVD risk factors, subsequently causing atherosclerosis and 
cardiovascular disease over time (Lee et al., 1999). The physiological response to insulin 
resistance is an increased concentration of plasma insulin, which increases the release of free 
fatty acids (FFA) into circulation. Increased FFA to the liver stimulate the secretion of VLDL 
which causes excess triglycerides (Ginsberg 2000). Excess triglycerides can cause obesity 
and hypertension. Another effect of excess triglycerides is to decrease HDL and to increase 
LDL (Bruce et al., 1998). Taken together, insulin resistance is a potent risk factor for 
cardiovascular disease by affecting other CVD risk factors. In a longitudinal study, 
Magnussen et al. (2010) have examined 1,781 children at baseline (9-18 years) and follow-up 
(24-41 years). They found that children with high insulin resistance showed two to three 
times greater risk of having cardiovascular diseases as adults compared with children free of 
insulin resistance.  
     In pre-diabetic and diabetic children, insulin resistance tends to progress as they age. 
Nguyen et al. (2008) have examined normoglycemic (n=1,838), pre-diabetic (n=90) and type 
2 diabetic (n=60) participants during childhood (4-11 years), adolescent (12-18 years), and 
adulthood (19-44 years). They found a significant trend of increasing insulin resistance. The 
same trend, however, was not found in normoglycemic children. These findings indicate the 
importance of controlling childhood insulin resistance to prevent further cardiovascular 
complications.  
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     Aerobic fitness has been shown to be related with insulin resistance. Dwyer et al. (2009) 
have examined aerobic fitness of 647 children at baseline (7-15 years) and follow-up (17-25 
years). The entire participants were divided into five groups depending on fitness change: 1) 
persistently unfit (lowest tertile in childhood and adulthood), 2) decreased fitness (those who 
dropped by one or two tertiles), 3) persistently moderate fitness (middle tertiles at both trials), 
4) increased fitness (an increase of one or two tertiles), and 5) persistently fit (highest tertile 
at both trials). They found a tracking effect (p<0.001) from childhood fitness to adulthood 
insulin resistance. Also, persistently unfit and decreased-fitness groups were at a greater risk 
for insulin resistance than the other three groups.  
Total Cholesterol  
     Cholesterol is a waxy substance produced by the liver. It is essential for normal body 
functions, such as signal transduction, cell membrane, and vitamin D and hormone 
productions. Since cholesterol is insoluble in blood, it transported in the circulatory system 
within lipoproteins; three which are very low-density lipoproteins (VLDL), low-density 
lipoproteins (LDL) and high-density lipoproteins (HDL). A sum of the three types of 
lipoproteins determines total cholesterol (TC). Specifically, LDL is elevated with high total 
cholesterol, and high levels of LDL particles promote cardiovascular disease. The American 
Heart Association suggested normal TC below 200 mg/dL with corresponding LDL below 
100 mg/dL (Hunt et al., 2005).  
     Hypercholesterolemia is cholesterol above 240 mg/dL and is usually accompanied with 
high concentrations of LDL and low concentrations of HDL (Hunt et al., 2004). When excess 
LDL particles are present in the blood, they can circulate without receptors. These unbound 
LDL molecules are oxidized and taken up by macrophages, which causes inflammation. This 
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process occurs in the walls of blood vessels and results in atherosclerotic plaque formation. 
Conversely, HDL can transport cholesterol back to the liver for excretion or to other tissues, 
therefore decreasing plasma LDL cholesterol. For this reason, a combination of high LDL 
and low HDL (hypercholesterolemia) can increase cardiovascular disease. Lewington et al. 
(2007) have conducted a meta-analysis of 61 prospective observational studies. They 
demonstrated that total cholesterol levels have an exponential effect on cardiovascular 
disease, and associations were more pronounced in younger subjects.  
     Total cholesterol (TC) tends to increase as children age, and the elevated TC persists over 
time (Dunn et al., 1997). Lauer et al. (1990) have conducted a prospective study. 2,367 
children were first examined at ages 8-18 years (baseline) and followed up to ages 20 to 30 
years. The children were divided into 3 groups by their baseline cholesterol ranking: <75th, 
75th-95th, and >95th percentile. They found a gradual increase in TC as subjects’ increasing 
age and a greater risk ratio for adulthood hypercholesterolemia with increasing childhood 
cholesterol levels. Regardless of the natural progression and tracking effect, guidelines for 
childhood cholesterol are still to be determined. 
     Aerobic fitness has been shown to be related with total cholesterol. In an intervention 
study, Dunn et al. (1997) examined initially sedentary 235 participants (116 men and 119 
women). After 6-month aerobic training (20-60 minute per session; 3-5 days a week), they 
found 8 percent increase in aerobic fitness and 4 percent decrease in total cholesterol 
(p<0.001). In a cross-sectional study, Hoekstra et al. (2008) have examined 2,016 children 
(1,047 male and 998 female, aged 12 to 15 years), and found an inverse relationship (r=-0.18, 
p<0.001) between aerobic fitness and total cholesterol.  
  
 14 
 
High-Density Lipoproteins  
     High-density lipoprotein (HDL) is one of the five major groups of lipoproteins. HDL can 
reverse atherosclerosis by removing cholesterol in the fatty steak. For that reason, it is also 
known as “good cholesterol.” According to the American Heart Association (Hunt et al., 
2005), HDL levels of above 60, 40-59, and below 40 mg/dL is considered as high, medium, 
and low HDL levels, respectively. However, HDL criteria for children are still to be 
developed.  
     HDL levels are related with cardiovascular disease in adults. Gordon et al. (1989) have 
reported the effect of HDL on cardiovascular disease by analyzing large cohort studies: the 
Framingham Heart Study (FSH) and Lipid Research Clinics Prevalence Mortality Follow-up 
Study (LRCF). In the FSH analysis, a 1 mg/dL increment in HDL was associated with a 
significant coronary heart disease risk reduction of 2% in men and 3% in women. In LRCF, 
the same analysis showed coronary heart disease risk decrement of 3.7 % in men and 4.7 % 
in women.  
     HDL tends to gradually decrease as children age, and the decreased HDL level persists 
over time. Freedman et al. (1985) have tracked HDL levels in children over an 8-year period; 
measurements were conducted at baseline, 3, 5, and 8 years of follow-up. They found a trend 
of decreasing HDL levels with advancing age. In addition, Beaglehole et al. (1980) have 
examined HDL levels of 1,639 children from ages 6 to 25 years, and found a significant 
inverse relationship between age and HDL. These findings suggest the importance of HDL 
levels during childhood.  
     Aerobic fitness has been shown to be related with HDL. In an intervention study, Dunn et 
al. (1997) examined initially sedentary 235 participants (116 men and 119 women), and 
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found 8 percent increase in fitness and 7 percent increase in HDL (p<0.001) after 6 months 
aerobic training (3 to 5 times a week for 20-60 minute exercise per session). In a cross-
sectional study, Macek et al. (1989) have examined the relationship between VO2max and 
HDL in 93 adolescent participants (aged 16-18 years), and found a significant correlation 
(r=0.420; p<0.001).  
Triglycerides  
     Triglycerides play an important role in metabolism as energy sources and transporters of 
dietary fat. Excess triglycerides in plasma are called hypertriglyceridemia and related to 
cardiovascular disease. The National Cholesterol Education Program guidelines for 
triglycerides are as follows (Hunt et al., 2005): normal (less than 150 mg/dL), borderline-
high (150 to 199 mg/dL), high (200 to 499 mg/dL), and very high (500 mg/dL or higher). 
However, such criteria for children are still to be determined.  
     Hypertriglyceridemia is linked to atherosclerosis and, by extension, the risk of 
cardiovascular disease. High concentration of triglycerides increases lipoprotein 
concentration because fatty acids are bound to lipoprotein to circulate through blood vessels, 
majority of produced lipoproteins being VLDL, precursor of LDL. The increased 
concentration of LDL can cause atherosclerotic plaque formation and subsequently 
cardiovascular disease. 
     Triglycerides (TG) tend to increase as children age, and the elevated level persists over 
time (Dunn et al., 1997). In a cross-sectional study, Frerichs et al. (1976) have examined 
serum lipid profiles of 3,446 children (ages 5-14 years) and found a significant relationship 
(r=0.105) between triglycerides and age. In a longitudinal study, Widhalm et al. (1981) 
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annually measured blood profile of 109 children over 4 years (54 boys, 55 girls; aged 11 to 
14 years), and found significant correlations (r=0.23 to 0.37).  
     Aerobic fitness has been shown to be inversely related with triglycerides. In a cross-
sectional study, Eisenmann et al. (2005 a) have examined 416 boys and 345 girls (9-18 years 
old) from the Quebec Family Study. Participants were divided into four groups using a 
median split of age-adjusted physical working capacity (PWC) and BMI. They found that 
fitness levels had a reduction effect (p < 0.001) on triglycerides regardless of BMI. In 
addition, Macek et al. (1989) have examined the relationship between VO2max and 
triglyceride levels in 93 adolescent participants (aged 16-18 years), and found an inverse 
relationship (r=-0.490; p<0.001) . 
Interactions among CVD risk factors  
     Individual cardiovascular disease risk factors affect each other and increase 
cardiovascular disease incidence. Increased adipose tissues release adipokines, such as TNF-
α, IL-6 and adiponectin (Kershaw & Flier 2004). These increased adipokines cause 
inflammation on the surface of arterial blood vessel, resulting in fatty streaks. Fatty streaks 
decrease the diameter of blood vessel which increases blood pressure because peripheral 
resistance is influenced by vessel diameter. Increased blood pressure has been shown to be 
positively related with insulin resistance (Kannel, 1985; Vasan et al., 2001). Insulin 
resistance is a cause of high blood pressure because insulin is a vasodilator and when 
resistant this effect is compromised. In response to insulin resistance, plasma insulin is 
elevated which increases the release of free fatty acids (FFAs) into circulation. Increased 
FFAs to the liver stimulate the secretion of VLDL which causes excess triglycerides 
(Ginsberg, 2000). Excess TGs can cause obesity and hypertension. Another effect of excess 
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triglycerides is to increase total cholesterol (decrease HDL and to increase LDL) through the 
actions of cholesteryl ester transfer protein (Bruce et al,. 1998). Combined effects of increase 
in TG, TC and LDL and decrease in HDL can cause cardiovascular disease. In addition to 
interactions among individual factors, using composite scores provides two other strong 
points. First, z-scores provide a continuous score which is more appropriate when 
investigating associations (McMurray & Andersen 2010). Second, composite score can 
compensate for the day-to-day fluctuation of individual factors (Andersen et al., 2008). By 
using CVD composite score, effect of aerobic fitness on overall CVD risk factors can be 
better evaluated. 
Different units of VO2max  
     When examining the effects of aerobic fitness on CVD risk factors, most previous studies 
(Blair et al., 1995; Eisenmann et al., 2005 a; Eisenmann et al., 2005 b; Ortega et al., 2007) 
used maximal oxygen uptake (VO2max) in units of mL O2 per kilogram body mass per 
minute (mL/kg/min). However, the units of mL/kg/min can be of concern because total body 
mass includes fat mass as well as fat free mass (FFM). This inclusion of fat mass in the unit 
of VO2max can confound the relationship between aerobic fitness and CVD risk factors 
because fat mass is positively associated with them (Freedman et al., 2007; Goran et al., 2000; 
Gregg et al., 2005; Thompson et al., 2007). In support, Goran et al. (2000) reported that when 
aerobic fitness was expressed in units of mL/kg/min, increased aerobic fitness can occur 
simply by losing weight without exercise. The enhanced aerobic fitness, however, was not 
evident when fat mass was excluded (mL/kgFFM/min). Therefore, when comparing 
physiological ability of skeletal muscle tissues to maximally consume oxygen, VO2max 
should be presented relative to fat free mass (FFM), VO2max in units of mL/kgFFM/min.  
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Need for additional study 
According to the American Heart Association Position Stand (Hunt et al., 2005), aerobic 
fitness can help control cardiovascular disease (CVD) risk factors in adults. It has been also 
reported that CVD risk factors tend to gradually increase since childhood, and the elevated 
levels tend to persist over time (Tumer et al., 1999). However, previous studies on the 
relationship between aerobic fitness and CVD risk factors have mainly focused on adults, and 
relatively fewer studies were conducted on children. Finally, aerobic fitness has been mainly 
scaled in mL/kg/min in many previous studies where inclusion of fat mass can confound the 
relationship between aerobic fitness and CVD risk factors. Therefore, the current study will 
examine the relationship between change of aerobic fitness (mL/kgFFM/min) and CVD risk 
composite score in children over two years.  
 
 
  
 
 
 
 
 
 
CHAPTER III 
METHODS 
Participants  
     The current study was a retrospective secondary analysis based on participants in the 
Cardiovascular Health in Children III (CHIC) study, Cohort 5 (J.S. Harrell, P.I.). The CHIC 
study was a 5-year longitudinal study which measured CVD risk factors of children in North 
Carolina from 1998 to 2003. Of the 1566 participants from the CHIC study, 120 children (62 
girls and 58 boys) were purposefully selected from a larger study (CHIC III, Cohort 5, J.S. 
Harrell, P.I.) to equally represent four possible weight changes: normal-weight to normal-
weight, normal-weight to overweight, overweight to overweight, and overweight to normal-
weight. The 120 children were classified into three groups by fitness change: increased-, 
maintained- and decreased-fitness groups. Individual fitness groups’ CVD risk factors were 
compared. The measured CVD risk factors include age, sex, race, body fat (BMI), blood 
pressure, HOMA, total cholesterol, high-density lipoprotein cholesterol (HDL),triglycerides 
(TG) and aerobic fitness. Subjects’ mean ages were 9.6 ±1.1 years at baseline and 11.5 ±1.0 
years at follow-up. The sex and racial distribution was: 52% Female and 48% Male; and 53% 
Black, 36% White, and 11% Others. 
Procedures 
     The CHIC study included an informed consent and a written assent that were obtained 
from the parents and participants, respectively. The approval from the Institutional Review 
Board of the University was obtained before data collection. Baseline and 2-year follow-up 
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data were collected at the participants’ school using teams of research assistants (RA) who 
were trained by the same investigator and met stringent criteria for reliability and precision 
before gathering data. In addition, to further ensure quality control physiologic variables of 
every tenth subject were measured by more than one RA. 
     Descriptive information such as age and gender were collected via self-report. Pubertal 
stage (1 to 5) was assessed using the Pubertal Development Scale (Petersen, Crockett, 
Richards, & Boxer, 1988). Height and body mass were measured to the nearest 0.1 cm and 
0.1 kg using a stadiometer (Perspective Enterprises, Kalamazoo, MI) and electronic scale 
(Scaletronix, White Plains, NT). BMI was calculated by using kg/m2. Percent body fat was 
estimated from sum of skinfolds taken at the subscapular and triceps sites (Slaughter et al., 
1988). These measurements were taken in triplicate using Lange Calipers (Cambridge 
Scientific, Cambridge, MD). Seated blood pressure was measured in triplicate using a 
Hawksley Random Zero Sphygmomanometer (Hawksley & Sons Limited, Sussex, England). 
Participants rested for 5 minutes before the blood pressure measurements, and each of the 
three trials was separated by 1 minute. The average of the three values was used for analyses. 
Mean arterial pressure (MAP) were calculated by the following formula: diastolic BP + 
(systolic BP–diastolic BP)/3.  
     Aerobic fitness (VO2max) was estimated using a multi-stage submaximal test on the cycle 
ergometer (McMurray et al., 1998). During this test, the workloads increased until the heart 
rate reached a range of 50-170 beats/min, and the heart rate/workload relationships were used 
to predict maximal capacity. This test showed strong correlations (r=0.807) with measured 
maximal values in children. From the exercise test, absolute oxygen uptake (L/min) was 
obtained. To convert the absolute oxygen uptake into oxygen uptake relative to FFM 
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(mL/kgFFM/min), the absolute oxygen uptake was divided by kg FFM and multiplied by 
1,000. 
     Blood samples were drawn early in the morning (between 7am and 9am) after a verified 
overnight fast. The blood samples were centrifuged, placed on dry ice (-80oC) and sent to the 
laboratories for analysis. Insulin levels were measured from the stored plasma using 
radioimmunoassay procedures (Linco, St. Charles, MO), while glucose levels were analyzed 
via automated hexokinase oxidase procedures. To calculate insulin resistance, homeostasis 
model assessment (HOMA) was computed by the following formula: fasting insulin (units 
per milliliter) × fasting glucose (milligrams per deciliter)/22.5. Blood samples were analyzed 
for high-density lipoproteain cholesterol (HDL), triglycerides (TG), and total cholesterol (TC) 
using a Hitachi 911 analyzer (Boehringer-Mannheim corporation) and coupled-enzymatic 
procedures.  
Data analyses 
Group analyses of aerobic fitness change 
     Total participants were divided into three groups based on change in aerobic fitness 
(mL/kgFFM/min) over two years: decreased-, increased-, and maintained-fitness. Change 
score (follow up - baseline) of CVD composite z-score was used as dependent variable to 
conduct the between-group analyses. 
CVD composite score  
     To examine the effects of aerobic fitness on overall CVD risk factors, the current study 
combined individual CVD risk scores based on a previous study (Andersen et al., 2003) as 
follows: CVD composite z-score = BMI + MAP + HOMA + TC - HDL + TG. Individual 
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CVD risk scores were derived from standardized z-scores. The standardized HDL score was 
multiplied by -1 because it is inversely related compared to the other risk factors.  
Statistical analyses 
     Normality tests (descriptive statistics) were used to determine whether individual CVD 
risk factors (BMI, MAP, HOMA, TC, HDL and TG) were normally distributed. If skewness 
was greater than ±2, the assumptions of normality were not made. In such cases, log 
transformation was used to normalize the distribution. To describe the sample, subject 
characteristics were calculated and described by ANOVA.  
    Hypothesis #1 was that there will be an inverse relationship between changes in aerobic 
fitness (mL/kgFFM/min) and CVD composite change score. This was evaluated by Pearson 
bivariate correlation using VO2max (mL/kgFFM/min) change score and CVD composite 
change scores (follow up - baseline). 
     Hypothesis #2 was that the increased-fitness group will show a lower CVD composite 
change score than maintained- and decreased-fitness groups. Research hypothesis #3 was that 
the decreased-fitness group will show a higher CVD risk composite change score than 
maintained -fitness group. Hypothesis #2 and #3 were evaluated by one-way (1×3) ANOVA 
(General Linear Model) comparing the CVD risk change scores between three groups of 
fitness: decreased-, maintained-, and increased-fitness group. 
  
 
 
 
 
 
 
CHAPTER IV 
 
RESULTS 
 
     Baseline characteristics of all participants are presented in Table 1. The participants were 
categorized into three subgroups: improved-, maintained- or decreased-fitness group. The 
three groups were similar in age, height, body mass, pubertal status, and CVD risk factors. At 
baseline, the improved-fitness group had a lower fitness level (mL/kgFFM/min) than 
maintained-fitness group which was also lower than the decreased-fitness group (p<0.001).  
Table 1. Baseline characteristics for 120 children (62 girls and 58 boys) by fitness group, 
Mean ± SD  
 Decreased-fitness Maintained-fitness Increased-fitness 
Number of children (girls/boys) 47 (22/25) 28 (15/13) 45 (25/20) 
Age (years) 9.8 ±1.2 9.9 ±0.8 9.8 ±1.0 
Height (cm) 141.6 ±8.6 141.4 ±8.2 142.2 ±9.9 
Body Mass (kg) 41.8 ±12.7 41.2 ±14.1 41.9 ±11.1 
VO2max (mL/kgFFM/min) * 54.7 ±10.1 47.2 ±9.5 42.1 ±9.6 
Body Mass Index (BMI) 20.5 ±4.4 20.3 ±5.0  20.5 ±4.0 
Mean Arterial Pressure (mmHg) 75.6  ±8.6 72.5 ±10.0 74.9 ±11.4 
HOMA 3.6 ±2.6 3.3 ±1.9 3.3 ±1.6 
Total Cholesterol (mg/dl) 152.5 ±32.2 165.6 ±23.0 151.6 ±24.7 
Triglycerides (mg/dl) 63.5 ±38.0 69.0 ±32.8 66.4 ±35.7 
High-Density Lipoprotein (mg/dl) 48.5 ±13.4 51.7 ±16.0 52.5 ±12.6 
CVD composite score  -0.57 ±3.08 -0.69 ±3.2 -0.95 ±3.3 
* Significant difference between groups (p = 0.05); pubertal status was measured by tanner 
stage (1-5 stages) 
HOMA: homeostatic model assessment for insulin resistance 
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     Over the two years, there was a general trend of increasing CVD composite score 
(p<0.001). Baseline composite score was -0.68 and increased to 0.28 at follow-up (p<0.001). 
     Table 2 shows change scores of individual CVD risk factors (z-score) presented by fitness. 
Between fitness groups, there were significant differences in change scores of VO2max 
(mL/kgFFM/min), BMI, total cholesterol, and CVD composite change score. However, the 
changes in body mass, HOMA, triglycerides, and high-density lipoprotein were not 
significantly different (p>0.05) between groups. Figure 1 shows that change of aerobic 
fitness was inversely related with CVD composite change score (r=-0.24; p<0.001).  
Table 2. Change scores (z-scores) of individual CVD risk factors by fitness group 
 Decreased-fitness Maintained-fitness Increased-fitness 
VO2max (mL/kgFFM/min) # -11.01 ±5.5 0.20 ±1.95 8.45 ±3.12 
Body Mass  0.99 ±0.50 1.14 ±0.53 0.80 ±0.73 
Body Mass Index (BMI) * 0.75 ±1.24 0.72 ±0.79 -0.18 ±1.57 
Mean Arterial Pressure (MAP) 0.36 ±1.07 0.35 ±1.19 0.27 ±1.68 
HOMA -0.08 ±0.85 0.38 ±0.91 -0.02 ±0.68 
Total Cholesterol -0.01 ±1.08 0.21 ±1.04 -0.29 ±0.72 
Triglycerides 0.23 ±0.89 0.34 ±0.58 0.20 ±1.36 
High-Density Lipoprotein -0.08 ±0.93 -0.40 ±0.69 -0.16 ±0.86 
CVD composite change score * 1.37 ±2.78 1.64 ±1.72 0.27 ±3.20 
* Significant difference in increased-fitness group compared with maintained- and increased-
fitness groups (p=0.05) 
# Significant difference between groups (p=0.05) 
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Figure 1. Scatter gram of individual changes in VO2max (mL/kgFFM/min) as related to CVD 
their changes in CVD composite score 
 
     Based on the inverse relationship between aerobic fitness and CVD composite change 
score, CVD change scores within each fitness group were examined (Figure 2). The 
increased-fitness group showed a significantly lower change score than the maintained- 
(p=0.008) and decreased-fitness (p=0.017) groups. There was no significant difference 
between maintained- and decreased-fitness group (p=0.572).   
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Figure 2. CVD composite change score within each fitness group 
 
* Significant difference between maintained- and decreased-fitness groups (p<0.05). 
     To further understand the relationship between CVD composite change score and 
individual components, stepwise regression was run. All of the individual risk factors were 
significantly related to the composite score (p<0.005). Partial R2 of each factor was 0.38 for 
BMI, 0.16 for MAP, 0.18 for HOMA, 0.09 for TG, 0.02 for HDL and 0.07 for TC, 
respectively. 
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CHAPTER V 
 
DISCUSSION 
 
     The primary purpose of this study was to examine the relationship between two-year 
changes of aerobic fitness and cardiovascular disease risk (CVD) composite change score in 
children. This study removed fat mass in the unit of aerobic fitness by using mL/kgFFM/min, 
and found a significant inverse relationship between aerobic fitness and CVD composite 
change score. Furthermore, the change in composite score was least in the increased-fitness 
group. Interestingly, there was no significant difference in CVD composite change scores 
between the maintained-fitness group and the decreased-fitness group. This study also found 
a general trend of increasing CVD composite score over two years. Finally, among individual 
CVD risk factors BMI was the greatest determinant of the CVD composite change score.  
     The current study found an overall increase in CVD composite scores over two years. 
This trend has been shown by previous studies for specific risk factors. McTigue et al. (2002) 
have examined yearly BMI values over 12 years and found a gradual increase. Also, Webber 
et al. (1990) examined cholesterol levels at baseline and follow-up (12 years after). They 
found an increase in total cholesterol, LDL, VLDL with corresponding decrease in HDL. The 
observed natural progression of CVD composite score may be related to a decrease in 
physical activity during puberty. In support, McMurray et al. (2003) have examined 1,064 
children and found gradual decreases in physical activity and corresponding reduction in 
aerobic fitness with advancing age. In a separate study, Carnethon et al. (2003) have 
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examined 2,748 children and found an inverse relationship between aerobic fitness and CVD 
risk factors.  
     Although CVD composite score generally increased, CVD composite change scores were 
inversely related to changes of aerobic fitness. Similar findings have been previously 
reported in studies that measured fitness adjusted for total body mass (mL/kg/min), but not 
when only adjusting for fat free mass (mL/kgFFM/min). For example, Kovacs et al. (2009) 
have examined 51 overweight/obese children (23 boys, 28 girls) who participated in a 15-
week aerobic training (three sessions per week with 60-minute duration). After the training 
program, the investigators found a significant increase in aerobic fitness (37.0 ±3.9 vs. 42.6 
±11.2 mL/kg/min) and corresponding decrease in CVD risk factors: waist circumference 
(85.9 ±12.4 vs. 80.9 ±10.2 cm), systolic blood pressure (113.3 ±11.2 vs. 106.7 ±11.6 mmHg), 
and low-density lipoproteins (2.4 ±0.6 vs. 1.9 ±0.6 mM/L). In a cross-sectional study, 
Anderson et al. (2006) have examined fitness quartiles and CVD composite scores of 2,845 
randomly selected school children (aged 9-15 y). They found that lowest quartile of fitness 
showed 13.2 times greater risk ratio for CVD composite score than the highest quartile. 
These findings suggest the inverse relationship of aerobic fitness with CVD composite score 
either when adjusting fitness for total body mass or removing fat mass from the adjustment. 
     Aerobic fitness can be affected by other significant factors (Dunn et al., 1997). Some 
prospective studies have examined the relationship between initial aerobic fitness and CVD 
risk factors years later. However, significant changes in fitness can occur between the 
baseline and follow-up period which may affect the CVD risk factors, such as changes in 
body fat, physical activity levels, and even genetic influences. One of the significant factors 
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is physical activity; for example, increased physical activity level has been shown to be 
related with decreased CVD risk factors (McMurray et al., 2002; Eisenmann et al., 2005 b).  
     The overall results suggest that the natural progression was an increase in z-score of 
approximately one unit (-0.68 to 0.28). The natural progression was, however, greater than 
the expected average in the maintained- and increased-fitness groups. Table 2 shows that the 
maintained- and decreased-fitness groups showed approximately 50% greater change than 
the natural progression (one unit). This suggests that the maintenance of fitness was not 
adequate to even sustain the natural progression. Unexpectedly, CVD composite change 
scores were not significantly different between maintained- and decreased-fitness groups. 
Conjecture suggests that the reason for the non-significant difference could be that the 
duration of this study (2 years) was not long enough to result in an evident difference 
between the two groups. In this regard, the difference between the two groups may become 
evident if subsequent follow-up measurements are taken at a longer time point.  
     Among individual CVD risk factors, BMI was the greatest contributor to the change in 
CVD composite change score over two years. This may be related to the role of adipose 
tissues. Obesity increases adipokines, such as TNF-α and IL-6, which affect β-cells in 
pancreas to increase insulin resistance (Kershaw and Flier, 2004). Increased insulin 
resistance can affect blood pressure and blood lipid profiles (cholesterol, LDL, HDL and TG). 
Adipokines can also cause inflammation on the inner surface of blood vessel which decreases 
blood vessel diameter and increases blood pressure. The interaction of fat mass with other 
risk factors suggests its significant contribution to overall CVD risk factors. In support, 
Ondrak et al. (2007) have examined 1,824 children (8-16 y) and compared relative 
 30 
 
importance of individual risk factors on total risk score. They found a strongest relationship 
between body fat and total risk score. 
     Although the change in BMI from the current study agrees with previous studies, the 
changes in mean arterial pressure (MAP), insulin resistance (HOMA), triglycerides (TG), 
total cholesterol (TC) and high density lipoproteins (HDL) were not significantly different 
between groups. These findings do not agree with previous studies (DuBose et al., 2007; 
Eisenmann et al., 2005 b). One possible reason for the discrepancy is the difference in the 
unit of aerobic fitness. While aforementioned previous studies used mL/kg/min, the current 
study used mL/kgFFM/min to eliminate the effect of fat mass. Containing fat mass in the unit 
of aerobic fitness includes a major contributor to the change in MAP, HOMA, TG and HDL 
in children. In support, Krekoukia et al. (2007) have reported a similar finding; aerobic 
fitness (mL/kg/min) was inversely related with HOMA (r=-0.24; p<0.5), but this relationship 
disappeared when adjusted for fat mass.  
Limitations  
     This study has some limitations. First, two years of follow-up was a relatively short period 
of time because two years may have been too short to cause significant effects on other CVD 
risk factors. This could be why CVD composite change scores were not significantly 
different between maintained- and decreased-fitness groups. Second, physical activity (PA) 
was not measured and PA levels are related to both aerobic fitness and CVD risk factors. If 
PA data were obtained, the data could have been used to show the interplay of PA on the 
relationship between aerobic fitness and CVD risk factors. Third, while there are several 
different methods, HOMA was used to estimate insulin resistance. Although not the golden 
standard, HOMA was shown to be a valid and reliable method for quantifying insulin 
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resistance in children (Guzzaloni et al., 2002). Finally, small sample size limits 
generalization of findings.  
Conclusion 
     Based on the results of the study, the following hypotheses were accepted or rejected. 
Research hypothesis #1. There will be an inverse relationship between changes in VO2max 
(mL/kgFFM/min) and CVD composite change score. This hypothesis was accepted because 
significant inverse relationship was found between VO2max (mL/kgFFM/min) and CVD 
composite change score.  
     Research hypothesis #2. Increased-fitness group will show a lower CVD composite 
change score than maintained- and decreased-fitness groups. This hypothesis was accepted 
because CVD composite change score in increased-fitness group was significantly lower than 
the other two groups. 
     Research hypothesis #3. Decreased-fitness group will show a higher CVD risk composite 
change score than maintained -fitness group. This hypothesis was rejected because there was 
non-significant difference in CVD composite change score between decreased-fitness group 
and maintained-fitness group. 
Recommendations  
     The current study could have been more meaningful with the following modifications. 
First, future study can recruit participants to include more variations, which can help the 
generalization of the results. Specifically, natural progression of CVD composite score was 
first examined in this study. However, natural trend can be better determined in a larger 
sample size. Second, physical activity (PA) needs to be included in the future studies. 
Without the PA data, the interplay of PA on aerobic fitness and CVD composite score 
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remained a conjecture. Finally, longer duration study can be more meaningful to determine 
the effect of fitness on CVD composite score.  
     Despite the limitations of the study, there are meaningful insights that can be gained from 
the findings. This study showed that increased fitness can better control the natural 
progression of CVD composite score; even maintained-fitness level showed a greater natural 
progression that is similar to decreased-fitness group. Therefore, improving fitness is critical 
for cardiovascular prevention. One way to increase fitness level is to increase physical 
activity level, and another way is to lose weight because fatness was the strongest 
determinant of the changes of CVD composite score. Since moderate-to-vigorous physical 
activity can increase aerobic fitness while contributing on weight reduction, we should 
encourage and emphasize moderate-to-vigorous physical activities for children. 
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